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ແઢ LANϑϨʔϜσʔλͷ 1ͭͰ͋Δ Channel State InformationΛ༻͍ͨ Access











ઢ LANϑϨʔϜσʔλͰ͋Δ Channel State Informationͱ Probe RequestΛ༻͍ͯ
԰಺ళฮͷࡏݱͷࠞࡶ౓ͷՄࢹԽͱࠞࡶ౓༧ଌΛఏࣔ͢ΔγεςϜΛఏҊɾ࣮૷Λ







ୈ 2ষͰ͸ຊڀݚͰ࢖༻͢ΔChannel State Informationͱ Probe Requestʹ͍ͭͯ
આ໌͢Δɻୈ 3ষͰ͸ Channel State informationΛ༻͍ͨΞΫηεϙΠϯτͱσό
Πεؒͷڑ཭ਪఆ΍ Probe RequestΛ༻͍ͨ԰಺ࠞࡶ౓ਪఆ΍԰಺ࠞࡶ౓ͷ༧ଌͱ
͍ͬͨຊڀݚʹؔ࿈͋Δڀݚʹ͍ͭͯड़΂Δɻୈ 4ষͰ͸Channel State Information







ຊষͰ͸ɺຊڀݚʹ༻͍ͨແઢ LANϑϨʔϜσʔλͰ͋Δ Channel State Infor-
mationͱ Probe Requestʹ͍ͭͯड़΂Δɻ





ɻXiɺYi͸ͦΕͧΕࣔ͢ i൪໨ͷ఻ൖ೾ͰಘΒΕΔ (ૹ৴ػͷΞϯςφ਺ɿMT ݩ࣍(
ͱ͢Δૹ৴ϕΫτϧͱ (ड৴ػͷΞϯςφ਺ɿMR)ݩ࣍ͱ͢Δड৴ϕΫτϧͰ͋Δɻ
͜ΕΒͷؔ܎͸࣍ͷࣜͰදͤΔɻ




ͷ֤ཁૉΛ htriͱ͢Δͱɺhtri͸ t൪໨ͷૹ৴Ξϯςφͱ r൪໨ͷड৴Ξϯςφؒͷ
i൪໨ͷ఻ൖ೾ʹ͓͚Δ CSI஋Ͱ͋Δɻhtri͸ෳૉ਺Ͱ͋Γɺࣜ࣍ͰදͤΔɻ
htri = ||htri||e j∠htri (2.2)





͸̎छྨ͋Δɻ̍ͭ໨͸ Intel Wireless Link 5300 [6]Ͱ͋Δɻ̎ͭ໨͸ Qualcomm
Atheros PCI-eγϦʔζ [7]Ͱ͋ΔɻIntel Wireless Link 5300 [6]Ͱ͸ΧελϚΠζ͞Ε
ͨ firmwareΛ༻͍Δ͜ͱͰɺCSIͷऩू͕ՄೳͱͳΔɻQualcomm Atheros PCI-e [7]







































NIC΍ driverʹґଘ͢ΔɻWi-Fi NIC͕ରԠ͍ͯͯ͠΋ɺద੾ͳ driverͰͳ͚Ε͹
monitorϞʔυʹ੾Γସ͑Δ͜ͱ͸Ͱ͖ͳ͍ɻ͔͠͠ɺۙ೥Ͱ͸moniterϞʔυʹ੾




















































จݙ [3] [4] [5]ʹ͓͍ͯɺCSI͔ΒҐ૬৘ใ΍ৼ෯৘ใΛಘΔ͜ͱͰɺAPͱσό
Πεؒͷ఻ൖ೾Λ෼ੳ͍ͯ͠Δɻ఻ൖ೾Λ෼ੳΛ͢Δ͜ͱͰAPͱσόΠεؒͷڑ
཭Λਪఆ͢Δɻ͔͠͠લষʹ΋هड़ͨ͠Α͏ʹɺCSI͸ಛఆͷWi-Fi NICΛ౥͠ࡌ



































































ͦ͜ͰຊڀݚͰ͸ CSIͱ PRΛ૊Έ߹ΘͤΔ͜ͱͰɺ(1)(2)ͷ໰୊఺Ͱ͋Δ CSIͱ
PRͷܽ఺Λิ͢׬ΔɻಛఆͷWi-Fi NICΛ౥ͨ͠ࡌPC͸ɺAPؒͷڑ཭Λਪఆ͢Δ
































































Δɻຊڀݚͷ 1ύέοτ෼ͷ CSIσʔλ͸ૹ৴Ξϯςφ਺͕ 1ɺड৴Ξϯςφ਺͕























































౓ࡶࠞ ௿ ˠ ˠ ߴ
෼ྨ͞Εͨ୆਺ x 0ʽ x<10 10ʽ x<25 25ʽ x<40 40ʽ x
৭ (R,G,B) (37,187,255) (0,255,74) (255,189,94) (255,0,0)
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4.3 ౓༧ଌࡶࠞ
ຊઅͰ͸ 4.1અͷ PRσʔλલॲཧΛߦͳͬͨ PRσʔλͱػցֶशͷ 1ͭͰ͋Δ
LSTM(Long Short Term Memory)Λ༻͍ͨࠞࡶ౓༧ଌͷγεςϜʹ͍ͭͯड़΂Δɻ
4.3.1 LSTMʹ͍ͭͯ






LSTMͷߏ଄Λਤ ɻ3ͭͷήʔτϢχοτ͸ਤࣔ͢ʹ4.6 4.6ͷ o,i,fΛ͢ࢦɻ





ft = σ(Wx f xt +Wh f ht−1 +Wc f ct−1 + bf ) (4.1)
it = σ(Wxixt +Whiht−1 +Wcict−1 + bi) (4.2)
21
ct = ftct−1 + ittanh(Wxcxt +Whcht−1 + bc) (4.3)
ot = σ(Wxoxt +Whoht−1 +Wcoct + bo) (4.4)






















ʹͨ͠ɻ·ͨMAC Address͝ͱʹ xx࣌ 59෼ʹݕ஌͞Ε͔ͨͷνΣοΫΛͨͬߦɻ
xx࣌ 59෼ΛνΣοΫ͍ͯ͠Δͷ͸ xx࣌Ͱࢉग़ͨ͠଺͕ؒظࡏ xx+1࣌ʹؔ࿈ͯ͠
͍Δ͔Λදͨ͢ΊͰ͋ΔɻϢʔβͷ଺ؒظࡏͷֶशͷೖྗʹ͸ɺMAC Address͝ͱ
ͷAM10࣌ʙPM19࣌ͷؒͷ ࣌ɺxxؒظࡏͷ଺ִؒؒ࣌1 59෼ʹݕ஌͞Ε͔ͨͷ
ϥϕϧɺ͓ళ͕։͍͍ͯΔ͔ͷ openϥϕϧͷ σʔλΛݩ࣍3 7೔෼༻͍ͨɻ༻ҙ
ͨ͠ σʔλͷݩ࣍3 ͷ࣍ରͯ͠ʹؒ࣌10 ໨Λਖ਼ղσʔλͱͨ͠ɻ͜ͷ૊Έؒ࣌11












































CSIऩू༻ PC Sony PC(ubuntu14.04)
ϩʔΧϧAP Raspberry pi 3B+(rasnian)
PRऩूσόΠεɹ Raspberry pi 3B+(Kali Linux)







θϛࣨɹ [m]ɹ ΤϨϕʔλϗʔϧɹ [m] ৯ಊɹ [m]ɹ
AP-PCؒ [ਪఆ஋ /ਅ஋] 3.11 / 3.82 2.15 / 3.82 3.54 / 3.83





















θϛࣨɹ [m]ɹ ΤϨϕʔλϗʔϧɹ [m] ৯ಊɹ [m]ɹ
AP-PCؒ [ਪఆ஋ /ਅ஋] 2.50 / 3.82 0.88 / 3.82 0.67 / 3.83
AP-σόΠεؒ [ਪఆ஋ /ਅ஋] 2.75 / 4.99 0.98 / 4.99 0.89 / 4.99
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ϋʔυ΢ΣΞ (༻్) Sony PC(CSIσʔλऩू)ɹ
ɹɹɹɹɹɹɹɹɹ Raspberry Pi 3B+(PRσʔλऩू)
ɹɹɹ Raspberry Pi 3B+(ϩʔΧϧAP)
ɹ RICOH THETA SCΧϝϥ (࣮ਓ਺σʔλऩू)
ιϑτ΢ΣΞ (༻్) linux-80211n-csitool [6](CSIσʔλऩू)ɹ
ɹɹɹɹɹɹɹɹɹ Kali Linux, tcpdump(PRσʔλऩू)ɹ
ɹɹɹɹ Hostapd, isc-dhcp-server(ϩʔΧϧAP)
PRσʔλʹؔͯ͠͸ɺ֦ுࢠ pcapͰอଘ͞ΕΔͷͰɺWiresharkΛ༻͍ͯ CSV






ද ɻදࣔ͢ʹ6.2 6.2ΑΓલॲཧʹΑͬͯɺϢχʔΫͳMAC Address਺͸ 1೔ 2000
લޙͱͳͬͨɻݩʑͷϢχʔΫͳMAC Addressͷ૯਺ͱൺֱ͢Δͱɺద੾ͳσʔ
λͷΈΛநग़͢Δ͜ͱ͕ग़དྷͨͱ͑ߟΒΕΔɻ
ද 6.2: લॲཧʹΑΔϢχʔΫͳMAC AddressͷਪҠ
12/16 12/17 12/18 12/19 12/20 12/23
ϢχʔΫMAC Addressͷ૯਺ 52056 51069 53388 48583 42958 39996
લॲཧ 1ͷޙ 52055 51068 53387 48582 42957 39995
લॲཧ 2ͷޙ 1898 1807 1982 1798 1572 1723
લॲཧ 3ͷޙ 1841 1737 1877 1727 1505 1707
1/6 1/7 1/8 1/9 1/10 1/14
ϢχʔΫMAC Addressͷ૯਺ 41587 42894 48389 41890 43606 38949
લॲཧ 1ͷޙ 41585 42892 48387 41888 43604 38947
લॲཧ 2ͷޙ 1814 1931 2044 1922 1970 1800
લॲཧ 3ͷޙ 1791 1850 1954 1828 1873 1722
1/15 1/20 1/22
ϢχʔΫMAC Addressͷ૯਺ 47698 37052 45965
લॲཧ 1ͷޙ 47696 37050 45964
લॲཧ 2ͷޙ 2166 1626 1962














೔෇ 12/17 12/18 12/19

































໷ʹ๚Εͨͱ͞ΕΔMAC AddressΛର৅ͱͨ͠ɻ͜ΕΒͷMAC Addressͷ PRΛ












͢ɻςετͨ݁͠Ռͱ࣮ଌ஋ͱ༧ଌ஋ͷࠩΛͦΕͧΕਤ 6.2ɺਤ ɻਤࣔ͢ʹ6.3 6.2ɺ
ਤ 6.3Ͱ͸ɺԣฒͼͰ ಛఆͷMACͭͣݸ10 Addressͷςετ݁ՌΛද͍ͯ͠Δɻ

















ද 6.6: ςετ࣌ͷMAC Address਺ͱֶश༻σʔλͷݩ࣍਺
༧ଌͨ͠୆਺ ͷ୆਺ࡍ࣮ ༧ଌ͕Ұகͨ͠୆਺
2020-01-22 10:00 31 0 0
2020-01-22 11:00 8 0 0
2020-01-22 12:00 2 0 0
2020-01-22 13:00 4 182 0
2020-01-22 14:00 74 191 38
2020-01-22 15:00 115 171 48
2020-01-22 16:00 100 226 56
2020-01-22 17:00 111 164 60
2020-01-22 18:00 73 188 35
2020-01-22 19:00 61 130 33
ද 6.7: ౓ͱ৭෇͚ͷରԠੑࡶΔ͚͓ࠞʹࣔ౓༧ଌͷදࡶࠞ
౓ࡶࠞ ௿ ˠ ˠ ߴ
෼ྨ͞Εͨ୆਺ x 0ʽ x<30 30ʽ x<65 65ʽ x<100 100ʽ x















೔෇ ࠁ࣌ σόΠεݕ஌਺ ࣮ਓ਺ ࠩޡ
12/16 11:27 52 55 3
13:29 48 49 1
15:31 39 25 -14
17:28 20 22 2
19:12 34 31 -3
12/17 11:30 52 46 -6
13:34 42 44 2
15:35 20 15 -5
17:31 42 38 -4
19:22 47 27 -20
12/18 11:31 72 61 -11
13:32 58 63 5
15:29 39 38 -1
17:55 57 40 -17
19:16 38 43 5
12/19 11:35 62 60 -2
13:31 63 61 -2
15:31 53 54 1
17:29 33 20 -13
19:15 29 22 -7
12/20 11:29 46 39 -7
13:29 89 96 7
15:26 35 27 -8
17:31 60 49 -11
19:18 42 33 -9
12/23 11:28 55 49 -6
13:28 40 52 12
15:36 39 22 -17
17:41 45 43 -2

















2020-01-22 10:00 31 0 31
2020-01-22 11:00 8 0 8
2020-01-22 12:00 2 0 2
2020-01-22 13:00 4 182 -178
2020-01-22 14:00 74 191 -117
2020-01-22 15:00 115 171 -56
2020-01-22 16:00 100 226 -126
2020-01-22 17:00 111 164 -53
2020-01-22 18:00 73 188 -115
2020-01-22 19:00 61 130 -69
RMSE 97.87ɹ
39






















ͨσόΠεͱ APؒͷڑ཭Λਪఆͨ͠ɻ࣮ڥ؀Ͱͷ PCͱ APؒͷڑ཭ਪఆͷ݁Ռ
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